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HSV glycoprotein D
Herpes  s imp lex  v i rus  type  1  and 2  (HSV-1  and HSV-2)  a re  members  o f
the  vas t  and w ide ly  spread herpesv i rus  fami ly  wh ich  spec i f i ca l l y  in fec t
humans.  In fec t ions  o f  HSV usua l ly  occur  subc l in ica l l y  and are  se ldom fa ta l .
A f te r  the  in i t ia l  o r  p r imary  in fec t ion  the  v i rus  re t rea ts  to  the  sensory  gang l ia
and becomes la ten t .  A t  any  po in t  in  t ime whenever  immunosurve i l lance has
dropped or  in  response to  cer ta in  s t imu l i  (UV- l igh t ,  t rauma) ,  the  v i rus  can be
reac t iva ted  caus ing  recur ren t  ves icu la r  les ions  usua l ly  a t  the  or ig ina l  s i te  o f
v i ra l  en t ry .  HSV-1  is  p redominant ly  assoc ia ted  w i th  o ra l  in fec t ions  and
HSV-2 is  usua l ly  acqu i red  as  a  sexua l ly  t ransmi t ted  gen i ta l  in fec t ion .  In  the
immunocompetent  ind iv idua l ,  p r imary  HSV in fec t ion  is  loca l i zed  and se l f -
l i m i t i n g .  I n  t h e  i m m u n o c o m p r o m i s e d  o r  i m m u n o i m m a t u r e  i n d i v i d u a l ,
however ,  bo th  p r imary  and recur ren t  in fec t ions ,  a re  more  severe  or  even
l i fe - th rea ten ing  and s t re tch  over  longer  per iods  (Whi t ley ,  1990) .  S ince
in fec t ions  caused by  HSV cons t i tu te  ex t remely  p reva len t  communicab le
d iseases  o f  humans,  there  is  a  s t rong need fo r  the  management  o f  HSV
infect ions ei ther by chemotherapy or by prevent ive vaccinat ion or by a
combina t ion  o f  chemotherapy  and therapeut ic  vacc ina t ion .
Most  o f  the  e f fo r ts  to  deve lop  an  HSV {subun i t )  vacc ine  have been
focused on  the  s tudy  o f  the  immunogen ic  g lycopro te ins  o f  the  v i rus  wh ich
are  present  in /on  the  enve lope.  One o f  the  most  s tud ied  g lycopro te ins  o f
HSV fo r  use  as  a  po ten t ia l  vacc ine  is  g lycopro te in  D (gD)  s ince  gD has  been
repor ted  to  e l i c i t  bo th  humora l  (an t ibody  and neut ra l i z ing  an t ibody)  as  we l l  as
ce l lu la r  immune responses  l i ke  T  ce l l  med ia ted  he lp -  and cy to tox ic  ac t i v i t y ,
b o t h  i n  m i c e  a n d  h u m a n s .  l n  a d d i t i o n ,  g D  a l s o  e l i c i t s  a n t i b o d y  d e p e n d e n t
ce l lu la r  cy to tox ic i ty ,  p ro tec t ion  aga ins t  la tency ,  na tura l  k i l le r  ac t i v i t y  and
de layed type hypersens i t i v i t y  responses  in  mice .
In  o rder  to  s tudy  gD as  a  vacc ine  cand ida te ,  one needs to  exp lo re  the
nature  o f  immune responses  wh ich  can be  pr imed bo th  in  an ima l  mode ls
a f te r  immuniza t ion  and in  na tura l l y  in fec ted  ind iv idua ls .  Mapp ing  the
cont inuous  and conformat ion-dependent  B ce l l  ep i topes  o f  gD-1  were  the
f i rs t  s teps  in  unders tand ing  the  re la t ionsh ip  o f  gD w i th  the  hos t  immune
s y s t e m  ( r e v i e w e d  b y  W e l l i n g - W e s t e r  e t  a l . ,  1 9 9 1 ; a n d  b y  M u g g e r i d g e  e t  a l . ,
199O) .  However ,  l i t t le  was  known about  the  very  impor tan t  ce l lu la r  immune
response in  o rder  to  cont ro l  HSV in fec t ions  in  re la t ion  to  gD.  The goa l  o f  the
exper iments  descr ibed in  th is  thes is  was f i rs t l y ,  to  s tudy  the  ce l lu la r  immune
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response of  natural ly infected but heal thy indiv iduals to synthet ic
(over lapp ing)  gD-1  and gD-2  pept ides  and second ly ,  the  express ion  o f  gD-1
and gD-2  by  a  recombinant  bacu lov i rus  vec tor  and subsequent ly  the
pur i f i ca t ion  o f  bo th  recombinant  mo lecu les  by  ion-exchange h igh-
per fo rmance l iqu id  chromatography .
In chapter 2,  the exper iments oÍ  in v i t ro cul tur ing f resh human T
lymphocytes obtained from HSV-seroposi t ive volunteers wi th synthet ic
over lapp ing  pept ides  cover ing  the  en t i re  gD-1  molecu le ,  showed us  tha t
desp i te  la rge  d i f fe rences  be tween ind iv idua l  ce l lu la r  responses  th ree  reg ions
of  gD-1  cou ld  induce lymphopro l i fe ra t i ve  responses  in  over  5Oo/ "  o f  the
g r o u p :  1 - 5 4 ,  1 1 O - 2 1 4 ,  a n d  2 9 0 - 3 1 4 .  A  l a c k  o f  l y m p h o p r o l i f e r a t i v e
respons iveness  to  a  par t i cu la r  reg ion  o f  gD-1 ,  namely  210-294 was found.
When these resul ts were compared with the responses of  the volunteer
serum ant ibod ies  to  the  over lapp ing  pept ides  in  ELISA,  there  was no
cor re la t ion  be tween an t ibody  and T  lymphocy te  responses .  Fur thermore ,  we
found tha t  the  d ivers i ty  in  T  ce l l  response to  the  pept ides  suggested  a  lack  o f
immunodominance tha t  was  a lso  descr ibed in  an  an imal  mode l  bv  Yamash i ta
& Heber -Katz  (1989) ,  a l though some d isc repanc ies  be tween human and
mur ine  T  ce l l  responses  were  repor ted .  These f ind ings  imp ly  tha t  a  s ing le
pept ide  or  reg ion  o f  gD-1 ,  o r  even a  combina t ion  o f  pept ides ,  may no t  be
able to serve as an ef f icacious HSV vaccine.
To ga in  ins igh t  in  the  humora l  and ce l lu la r  immune responses  to  gD-2 ,
we ex tended the  exper iments  to  loca l i ze  the  B-  and T  ce l l  ep i topes  o f  gD-2 ,
us ing  the  same methodo logy  and v i r tua l l y  the  same vo lun teer  g roup.  The
resu l ts  showed the  T  ce l l  reponse to  gD-2  to  be  equa l ly  d iverse  as  was the
case fo r  gD-1 .  However ,  pept ides  wh ich  induced pro l i fe ra t ion  responses  w i th
lymphocy tes  f rom 5Oo/ "  o r  more  o f  the  vo lun teers  c lus te red  in  6  reg ions  (1 -
24 ,  30-54 ,  70-84 ,  130-154,  190-224,  and 280-2941.  Probab ly  due to
extensive cross-react iv i ty,  most of  the pept ides of  gD-1 and gD-2 which
induced lymphopro l i fe ra t i ve  responses  c lus te red  in  the  same reg ions ,  and one
s ing le  reg ion  (220-264)  in  bo th  g lycopro te ins  hard ly  induced any  response a t
a l l .  gD-2  pept ides  were  less  f requent ly  recogn ized in  ELISA than the  gD-1
pept ides .  On ly  two gD-2  pept ides  (180-194 and 354-368)  reac ted  w i th
serum ant ibod ies  f rom HSV-seropos i t i ve  vo lun teers .  We found no  cor re la t ion ,
w i th in  ind iv idua ls ,  be tween lymphopro l i fe ra t i ve  responses  and an t ibod ies  to
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gD pept ides ,  ind ica t ing  tha t  con t inuous  B ce l l  ep i topes  and T  ce l l
de terminants  o f  gD do no t  co inc ide .  Th is  p rompts  us  to  suggest  tha t  humora l
and ce l lu la r  immuno log ica l  cascades w i th  respec t  to  gD fo l low d i f fe ren t
routes.
f  n  c h a p t e r  4  t h e  c l o n i n g  a n d  e x p r e s s i o n  o f  f u l l - l e n g t h  g D - 1  a n d  g D - 2 b y
recombinant  bacu lov i rus  vec tors  was descr ibed.  Cod ing  sequences  o f  the
gD-1  and gD-2  genes were  ampl i f ied  by  PCR techn iques .  Genera t ion  o f
recombinant  bacu lov i ruses  invo lved techn iques  wh ich  cou ld  fac i l i ta te
select ion of  recombinant v i ruses from parental  v i rus strains v iz.  l inear izat ion
of  genomic  bacu lov i rus  DNA,  co- t rans fec t ion  us ing  ca t ion ic  l iposomes,  and
parenta l  bacu lov i rus  s t ra in  w i th  lacZ gene a t  the  po lyhedr in  locus .  Se lec t ion
of  recombinants  was per fo rmed by  ind i rec t  immunof luorescence ( l lF )  us ing
mAbs d i rec ted  aga ins t  gD.  Produc t ion  leve ls  o f  recombinant  gD-1  and gD-2
were  de termined and compared w i th  an  ear l ie r  gene cons t ruc t  o f  gD in
bacu lov i rus .  Ana lys is  w i th  a  pane l  o f  mAbs e i ther  reac t ive  w i th  cont inuous  or
conformat ion-dependent  B ce l l  ep i topes  o f  gD showed tha t  the  recombinant
g lycopro te ins  had the  same charac ter is t i cs  as  the i r  au thent ic  counterpar ts
with respect to structural  intactness. Furthermore, detergent extracts of
recombinant  bacu lov i rus  in fec ted  ce l l s ,  con ta in ing  the  recombinant  g lyco-
pro te ins  were  used as  an t igens  in  an  ELISA to  de termine an t i -  gD-1  and gD-2
t i t res  in  sera  f rom a  la rge  group o f  vo lun teers .  HSV-ant ibody  t i t res  and an t i
gD-1  and gD-2  t i t res  showed a  s ign i f i can t  cor re la t ion .
F ina l l y ,  in  chapter  5  we descr ibe  a  two s tep  pur i f i ca t ion  s t ra tegy  w i th
ion-exchange h igh-per fo rmance l iqu id  chromatography  (HPIEC)  us ing  d i f fe ren t
detergent concentrat ions which has proven very ef fect ive in the pur i f icat ion
of  membrane pro te ins  o f  Senda i  v i rus  membrane pro te ins  (Wel l ing-Wester  e Í
a l ,  1993)  and recombinant  membrane malar ia  p ro te ins  expressed by  a
bacu lov i rus  vec tor  (Narum e t  a l . ,  1993) .  S f21  ce l l s  were  adapted  to  g row in
a  pro te in - f ree  cu l tu re  med ium.  These ce l l s  were  in fec ted  w i th  the  recom-
b inant  bacu lov i ruses  express ing  the  fu l l - leng th  gD-1  and gD-2  genes,  C. ,oEu
detergent  ex t rac ts  o f  recombinant  bacu lov i rus- in fec ted  insec t  ce l l s  con ta in ing
gD-1  or  gD-2  were  prepared.  The same detergent  was used as  add i t i ve  in  the
e lu t ion  bu f fe rs  fo r  HPIEC.  A t  low (0 .005%) de tergent  concent ra t ion ,  most  o f
the  pro te ins  p resent  in  the  ex t rac t ,  inc lud ing  par t  o f  gD,  were  e lu ted  w i th  the
sod ium ch lo r ide  grad ien t  whereas  a  subsequent  b lank  run  us ing  the  same
grad ien t  a t  h i1
o f  pure  gD w
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of  pure  gD wh ich  is  s t i l l  s t ruc tu ra l l y  and immuno log ica l l y  in tac t .
In  conc lus ion ,  gD-1  and gD-2  bo th  account  fo r  a  d iverse  ce l lu la r  immune
response in  na tura l l y  in fec ted  ind iv idua ls .  D iscrepanc ies  in  p r imed T  ce l l
repertoire were found when immune responses of  natural ly infected
vo lun teers  were  compared w i th  resu l ts  ob ta ined f rom an an imal  mode l .  B-
and T  ce l l  de terminants  o f  bo th  gD-1  and gD-z  do  no t  co inc ide .  Both  gD-1
and gD-2  genes were  succes fu l l y  c loned and expressed by  the  bacu lov i rus
express ion  sys tem.  Subsequent  pur i f i ca t ion  by  ion-exchange h igh
per fo rmance l iqu id  chromatography  resu l ted  in  pure  gD and bo th  recombinant
molecu les  re ta ined the i r  na t ive  s t ruc tu re  and were  immuno log ica l l y  ac t i ve .
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